SUMMARY In eight humans with coarctation, fresh aortic tissue was examined pharmacodynamically. In four of these patients, and in 12 additional patients, the aorta above and below the coarctation was studied morphologically and compared with eight control aortas. By in vitro stimulation with potassium (127 mM), noradrenaline (18 usM), and prostaglandin F,. (28 M), postcoarctational aortic ring preparations-showed a significantly greater contractility than precoarctational rings (p < 0.05). Volumetric analysis showed significantly more collagen (p < 0.01) and less smooth muscle mass (p < 0.01) in the aorta above than below the coarctation. No significant differences were found between sections from the arch and distal to the ligamentum arteriosum in the normal aortas.
Material and Methods In Vitro Studies Animals
Before the investigations of human vessels were carried out, the experimental procedure was tested on thoracic aortas from seven normotensive male Wistar rats (weight 250-300 g). From each aorta, four transversally cut ring preparations 4 mm long were taken, beginning at the aortic arch (ring 1) and progressing toward the diaphragmatic end (ring 4).
Humans
The aortic preparations were obtained from five males and three females, ages 6-35 years, undergoing operation for an isolated juxtaductal coarctation of the aorta. The patients were anesthetized with thiopental, nitrous oxide and halothane, and received pethidine, diazepam or atropine for premedication. During the operation, 2-3 cm of the coarcted aorta were removed to establish a normal, even lumen of the vessel. Five of the eight patients had an end-to-end graft. During the operations, the surgeon marked the proximal end of the removed aortic segments with a suture. The preparations were immediately placed in aerated Krebs solution (25-30°C) and transported to the laboratory, where they were cleaned of connective tissue and cut into rings. The macroscopically identified coarctation was isolated in one ring preparation, and two preparations of about the same weight were isolated above and below the stenosis.
Method
The isometric tension changes in both rat and human ring segments were recorded by the "ring" method described by Bevan and Osher7 and others.8-'0 The ring preparations were mounted in 30-ml jacketed organ baths that contained Krebs solution ( fig. 1 ). The temperature of the solution was maintained at 37°C and was constantly aerated with 95% oxygen and 5% carbon dioxide. The isometric contractions were recorded using Grass Ft 03 transducers connected to a Beckman R6 11 polygraph.
During a 1-2-hour period, the resting length was adjusted (by stepwise depression of the rod) ( fig. 1) to the level at which maximal contraction force by depolarization could be generated. During this period, anesthetics possibly left in the tissue were also washed out. The resulting resting length -and corresponding resting tension -for a ring preparation were kept constant throughout the experiment, and a drug was not applied before the resting tension was reached again.
The repeated isometric contractions were induced by potassium depolarization (127 mM) until responses were reproducible. Thereafter, the responses to supramaximum doses of noradrenaline (18 AM) and pros- Before the application of a vasoactive agent, the preparation was thoroughly washed out using normal Krebs solution until the resting tension was achieved.
Histology
In four of the eight patients from whom material was investigated pharmacodynamically, tissue was available for histologic examination. Twelve additional patients with coarctation of the aorta were included for microscopic evaluation alone. There were four females and 12 males, mean age 14.2 years (range ICER 1 month to 37 years). The clinical data of these 12 patients are listed in table 1.
As controls, eight age-matched normal heart aortic preparations were obtained from the Institute of Forensic Medicine. The mean age was 17.6 years (range 3 months to 38 years). The cause of death was accident or suicide.
Rings of aortic tissue from immediately above and below the coarctation, and rings of the normal aortas from the aortic arch and from below the ligamentum arteriosum were fixed in buffered formalin. From each ring, 5-8-,um sections were cut on a base sledge microtome and stained with elastic van Gieson stain.1' This method stains collagen fibers red and elastic fibers black to silver-brown. Yellow-stained material is neither collagen nor elastin, and consists mainly of W37 smooth muscle. Sections in which microscopic ex-WATER, 37 amination showed tissue of the coarctation or ductus/ligamentum arteriosum at any part of the circumference were excluded.
Quantitation was performed by point-counting
volumetry'2 using a square lattice of 25 points with a line density of 21.2 mm. Cross-points falling on red or yellow structures served as markers for the volumetric calculations. Ten to 20 random fields per section in the middle of tunica elastica were assessed at a magnification of 630X in at least three histologic sections per tissue ring.
Statistical Evaluation
The pharmacodynamic values are mean ±SD. Statistical significance was determined by t test. The Wilcoxon matched-pairs, signed-ranks test was used for the morphometric assessment, a pair being the proximal and distal ring (or specimen) from one patient. Statistical significance was at the p < 0.05 level.
Results
In rat thoracic aorta, no statistically significant differences in the contractile response between segments 1 and 4 were found ( fig. 2) . In human aortas, the amplitude of the maximum response to potassium, noradrenaline and PGF2a increased from the proximal to the distal segments ( fig. 3) . The reactivity of the isolated aortic segments from the different patients was rather heterogenous, but the isometric force/g aortic weight induced by all contractile agents was always higher in the poststenotic distal segments than in the prestenotic proximal segments. The reactivity of the coarctated parts of the aortas were higher than in the prestenotic segments but lower than in the poststenotic segments ( (fig. 4 ). The differences were statistically significant (p < 0.01). No significant differences, however, were found between proximal and distal aortic maximal force was generated by noradrenaline in rabbit aortic rings as in spiral strips of equal weight. Using a different technique and more vasoactive agents, Altura and Altura"' found that the reactivity in the thoracic aorta of rabbits decreases from the proximal to the distal part. They thought that this represented a decrease of the muscle mass rather than a reduction of the number of drug receptors. A similar trend was seen in our investigation of the thoracic aorta in normotensive rats by means of potassium, noradrenaline and prostaglandin F2a. These three agents were used because they induce isometric contractions in ring preparations, partly by different mechanisms, in human vessels."
Contrary to these studies on the experimental animal, we found a significantly reduced contractility above the coarctation compared with the aorta below. We do not believe that anesthetics left despite the washout period should have interfered with this result. Van Nimwegen and Dyer"' found no alterations in the response to noradrenalin of human uterine arteries in the presence of either halothane, nitrous oxide or lidocaine in concentrations normally used for anesthesia.
We also found an increased amount of collagen tissue and a reduced number of smooth muscle cells in the proximal compared with the the distal segment. It is impossible to know whether the reduced precoarctational reactivity was caused by a loss of drug receptors or by a replacement of smooth muscle by collagen, but a replacement seems to be more likely. It is also impossible to determine whether the morphologic changes in the prestenotic aortic segment may continue further centrally and involve the whole of the aortic arch and even the great brachiocephalic vessels in all patients.
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At the necropsy of two children, ages 1 year, 4 months and 1 year, 10 months, who besides an aortic References coarctation had a ventricular septal defect and a pa- 
